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10 IIGT353UCTIOIi 

ThSs r e p r t  s u m a r i s e s  t h e  first s i x  months of t h e  work c a r r i e d  

o u t  i n  connec t ion  r i t h  t h e  N . A . S . A .  h e l i c o p t e r  r o t o r  n o i s e  c o n t r a c t .  

The I\T.A.S.A. pi-ocrammo con ta ins  t h a  fo l lowing  :- 

(1) A t h ? o r c t i c a l  s t u d y  of r o t o r  n a i s e ,  i n  s t e a d y  and unsteady 

conili ti ons 

( 2 )  An exper imenta l  i n v e s t i g a t i o n  of t h e  n o i s e  produced by t h e  

I.S.V.2. nodel  hover r i g ,  

LIeasurements of t h e  n o i s e  produced by r e a l  h e l i c o p t e r s  and a (3) 

c c i p a r i s o n  *...*. Lh t h e o r y  and  t h e  resul ts  t h e  r i g  tests. 

(4) I n v e s t i g a t i o n  i n t o  t r a n s i e n t  e f f e c t s  such a s  ' b l a d e  s l a p ' .  

( 5 )  A nsrrcvl band a n a l y s i s  sttidy of t h e  n o i s e  f r m  a n c i l l a r y  

equipxenk, geaz boxes,  e t c . ,  i n  h e l i c a p t e r s  and h o v e r c r a f t .  

Note: Bec?gse of 'Lhs amount of da t a  a l r e a d y  a v a i l a b l e  on t h e  t o p i c  

of b l ade  s l a p ,  (172,3), t h i s  i s  be ing  t r z a t e d  a s  a s e p a r a t e  

The i n i t i 3 1  v o r k  has been l i m i t e d  t o  t h e  s t u d y  of rotor n o i s e  

under s t e a d y  c o n d i t i o n s  and Blade Slap. 

To d a t e  inves-LiSatLon has been mainly d i r e c t e d  towards o b t a i n i n g  

t h e  expe r imen ta l  d a t a  ( f o r  s e c t i o n s  2 & 3) and d e t e r n i n i n g  t h e  n o i s e  

c h a r a c t e r i s t i c s  of t h e  1.S.V.R's hover r i g  over  i t s  f u l l  range  of 

o p e r a t i n g  condik ions .  Th i s  work i s  aimed a t  o b t a i n i n g  a b a s i c  

u n d e r s t a n d h g  of t h e  r o t o r  n o i s e  problem and de te rmin ing  t h e  n o i s e  

' t r e n d s '  a s s o c i a t e d  u i t h  t h e  v a r i o u s  r o t o r  parameters .  

The p r e s e q t  programme i s  designed t o  g i v e  t h e  r e l a t i o n s h i p s  

between t h e  n o i s e  and opGrating c o n d i t i o n s  wi th  &e o b j e c t  of 

c l a r i f y i n g  t h e  n a t u r e  of t h e  sources .  Although d e t e r m i n a t i o n  o f  

1. 



-i-..hc a'as?lw.t? ampl i tude  of t h e  r o t o r  n o i s e  i s  very d e s i r a b l e  a t  t h i s  

s h g e  of the v r r k  it i s  cons idercd  on ly  of secondary importance.  

3.1= MC'JZR R I G  A l K  R O X H  3T,ADES 

The  U n i v e r s i t y ' s  hover r i g  i s  be ing  used f o r  t h e  i n v e s t i g a t i o n  

inJ:a r c t o r  n o l s r ,  

abai.i? 9 it. d iame te r ,  i s  ciriven by a n  e l e c t r i c  motor v i a  a !Yard- 

Lco,l?rd S e t  and t h e  o; ,ereting Re?.?,;* i s  measured e l e c . t r o n i c a l l y e  

The r i g ,  which was des igned  t o  t a k e  b l z d s  of 

Fc: J~hcst : -  p-c l iminary  i n v e s t i g 3 t i o n  t.he r i g  was f i t t e d  w i t h  a 

t h r c s  b!.::ci?d n t o r  head having ' f l 3 p p i n g '  h inges ,  b u t  no l ead / l ag  

: ~ i . - r p ~ . ;  L...-,cn.:-., The 'ulc?des a r e  o f  a r e c t a n g u l a r  p l a n  form wi thou t  

h a v i n g  a r a d i u s  of 54 i.nches. The b l a d s s  have an  1V.A.C.A. 

001.2 aerofo'i! scc-:;ion with a 4 inch  chord. The main s p a r  and 

!.ea:'ing zdg? a r e  rwd3 c.," ~1.11rniniux v h i l s t  -the t r a i l i n g  edge i s  

fari?.id f;or.i ?xp.;nded P31:rstyrene. The b l a d e s  a r e  e z s e n t i a l l y  

sq !a re  -Lippedp with -the t ; . p s  be ing  made of wocd. 

0 r. lhe p:tCh of  t h c  b l a6es  cEn be s e k  a t  any a n g l e  bC?tV!eC:n _+15 i n  

Because - -  io j.n:rc-xxLs by m a n s  of s screw ar r3 , ;ymcnt  at ,  t h e  c u f f .  

of t h c  abseiisc of -hiist t h e  b lades  on t h e  hcve r  r i g  can be  se t  and 

r u n  a t  ' t rue '  z e r o  p i t c h ,  a c o n d i t i o n  which i s  n o t  p o s s i b l e  wi th  

rc31 h.c! i cgsic1r hl.ades. 

Tllc maximum R.P.i.1. of t h e  r o t o r  is i n  t h e  o r d e r  o f  1203 R*P.idI*,  

b u t  f o r  t h i s  v:c~rrk, where it i s  run  f o r  1.ong p e r i o d s ,  i t  h a s  n o t  been 

r:m a!:ove 1090 ~vhich  is e q u i v a l e n t  t o  a t i p  speed of  470 

f t / s e c .  

A l t h o u s h  o n l y  t h e  t h r e e  b laded  r o t o r  head has  been used, r o t o r  

hcE..'c 'i'c ;va.i.lsl:le ;vhich will accommodate 1 t o  4 b l a d e s .  I t  i s  

l i k e l y  t h z t  t h e s e  otl ;er r o t o r  heads  w t l l  be  used d u r i n g  t h e  n e x t  

2. 



s t a g e  of work 

3.2. LOCATION OF THE iiOVE2 2IG 

The hover  r i g  i s  s i t u a t e d  i n  t h e  S t r u c t u r e s  Labora tory  uhich i s  

semi- reverberant  and c o n t a i n s  a cons ide rab le  number of o t h e r  r i g s  and 

equipment. Although some of t h e s e  p i e c e s  of equipment a r e  i n  c l o s e  

p rox imi ty  t o  t h e  hover  rig, t hey  do appear  t o  impose any s e v e r e  

a c o u s t i c  l i m i t a t i o n s .  

Noise from t h e  !.lard-Leonard se t ,  which i s  s i t u a t e d  o n l y  10 ft. 

from t h e  r i g ,  h a s  been reduced t o  an  a c c e p t a b l e  l e v e l  by lagging  it 

wi th  foam rubber .  

3.3- BLADE TFACK 

The b lados  a r e  ' t r a c k e d '  a t  the beginning  of each se r ies  of  

t e s t s  and a f t e r  e v e r y  replacement  of t h e  blades.  Tracking,  a t  z e r o  

p i t c h ,  i s  c a r r i e d  o u t  i n  two s t a g e s .  

a re  a d j u s t e d  s3 t h a t  s t a t i c a l l y  a l l  t h e  b l a d e  t i p s  a r e  i n  t h e  same 

F i r s t ,  t h e  ' f l a p p i n g  h i n g e s '  

p l ane ,  The r o t o r  i s  then  r u n  a t  360 2.P.iil. and t h e  ' t r a c k '  checked 

by means of a s t r o b o s c o p i c  l i g h t .  &r ing  t h e s e  t e s t s  t h e  t r a c k  has  

been checked over  t h e  f u l l  range of R.F.i.;'s. and p i t c h  s e t t i n g s  and 

i n  a l l  c a s e s  i t  h a s  been found t o  be e x c e l l e n t .  

3.4. REOI)RDII;G AN9 .iiqALYSIS EGUIPiiEI.JT 

S tandard  i3ruel 8 Xjaer  qui !snent  :as beer! used f a r  3 b t a i n i n g  the 

necessa ry  n o i s e  measurement. 

t o  now a l l  t h e  r e c o r d i n g s  have been l j i r e c t  < f l A i o )  Recordings.  

Ail t h e  d a t a  i s  recorded  on t a p e ;  up 

Ana lys i s  i s  performed b y  making a 5 f t .  long  t a p e  loop of each 

c o n d i t i o n  and p l a y i n g  it back through t h e  necessa ry  a n a l y s i n g  equip-  

ment. 

The r o t a t i o n 2 1  o r  d i s c r e t e  n o i s e  r e s u l t s  have been ob ta ined  from 

3. 



nariow band t r a c e s  w h i l s t  t h e  v o r t e x  n o i s e  has  been o b t a i n e d  by u s i n g  

broadband and oc tave  f i l t e r s ,  

The narrow band t r a c e s  have been produced by us ing  a iriuirhead 

Automatic l'iave Analyser  (K-100-A) wi th  a 1.5% bandwidth. Although 

t h e  bandwidth of t h i s  a n a l y s e r  i s  smal l  enough a t  t h e  low f r e q u e n c i e s  

(below 100 cps)  t o  a l l o w  t h e  lower r o t a t i o n a l  harmonics t o  be 

determined a c c u r a t e l y ,  a t  t h e  h i g h e r  f r e q u e n c i e s  it becomes ex t r eme ly  

d i f f i c u l t  t o  s e p a r a t e  t h e  h i g h e r  harmonics because of  t h e  i n c r e a s e  i n  

bandwidth w i t h  frequency.  

For t h e  above reason  a d e t a i l e d  s tudy  has  been c a r r i e d  o u t  of  

a l l  t h e  narrow band a n a l y s e r s  a v a i l a b l e  i n  t h e  U.K. Th i s  h a s  been 

t ime consuming, b u t  it i s  cons ide red  t h a t  much more in fo rma t ion  

could  be ob ta ined  i f  a more s u i t a b l e  a n a l y s e r  could be used. Two 

s u i t a b l e  a n a l y s e r s  have been l o c a t e d  and t h e s e  w i l l  be t e s t e d  s h o r t l y .  

I t  i s  hoped t h a t  one of t h e s e  will be purchased b e f o r e  t h e  end of t h e  

yea r  and be a v a i l a b l e  f o r  t h e  r o t o r  n o i s e  i n v e s t i g a t i o n .  

The broad band no i se  has  been s t u d i e d  by two methods. A c u t -  

o f f  f i l t e r  was in t roduced  i n  t h e  c i r c u i t  so t h a t  o n l y  t h e  n o i s e  above 

250 cps was recorded.  Secondly,  t h e  vo r t ex  n o i s e  has  been o b t a i n e d  

by summing t h e  l e v e l s  i n  t h e  o c t a v e  bands wi th  c e n t r e  f r e q u e n c i e s  

between 250 and 8000 cps. These resu l t s  a r e ,  of cour se ,  p r a c t i c a l l y  

i d e n t i c a l  . 
Other  t echn iques  a r e  be ing  i n v e s t i g a t e d  which will enab le  t h e  

modulat ion depth  of t h e  broad band n o i s e  t o  be de t e rmined  a c c u r a t e l y  

and t h e  v a r i a t i o n  i n  t h e  l e v e l s  of t h e  i n d i v i d u a l  r o t a t i o n a l  harmonics 

t o  be measured ove r  t h e  complete  speed range  r a t h e r  t h a n  a t  P r e s e n t  

a t  s e l e c t e d  R.P.hl's. 

4. 



4. MPERIiiEi :TAL !‘!ORK 

4.1. L4BOMTOBY TESTS 

A series of measurements have been made of t h e  n o i s e  generated 

by t h e  hover r i g  over  a range  of R.P.iA’s. and p i t c h  s e t t i n g s  us ing  a 

t h r e e  bladed rotor. The condi t ions were :- 

Rotor R. P .LI . 200 - 1000 

Equivalent  T i p  Speed 94 - 470 f t / sec .  

P i t c h  S e t t i n g  0 -  1 2 O  

A t  t h e  l a r g e r  p i t c h  s e t t i n g s  it was not p o s s i b l e  t o  a t t a i n  t h e  

h igher  speeds,  e.g. a t  10’ p i t ch ,  t h e  maximum R.P.Ll. ob ta inab le  was 

GOO - t h e  l i m i t a t i o n  being imposed by the  power a v a i l a b l e  from t h e  

d r i v e  motor. 

4.2. FULL SCALE TESTS 

Rota t iona l  (Ordered TJnes) and Vortex (Broadband) no i se  levels 

have been measured by i;restland r i r c r a f t  Ltd. (Fa i r ey  Aviat ion 

Div is ion)  and t h e s e  a r e  repor ted  i n  Reference 4. These r e s u l t s  were 

ob ta ined  from a t h r e e  bladed rotor f i t t e d  wi th  1’Jessex blades.  

vmrk i s  beincj continued and i n  t h e  p re sen t  series of  t e s t s  a l l  t h e  

types  of b lades  a v a i l a b l e  i n  B r i t a i n  a r e  being used. 

measurements a r e  being made of no ise  produced by a s i n g l e  r o t o r  blade. 

The results of t h e s e  tes ts  will be  made a v a i l a b l e  t o  t h e  1.S.V.R- when 

This 
” . -  

I n  add i t ion ,  

t h e  a n a l y s i s  i s  complete. 

The o r i g i n a l  series o f  measurements (Reference 4) i s  being used 

t o  o b t a i n  a d i r e c t  comparison between model and f u l l  s c a l e  tests. 

4.3. FLIGIHT TESTS 

Westland A i r c r a f t  Ltd. (Yeovil Divis ion)  have made a v a i l a b l e  

n o i s e  measurements ob ta ined  from t h e i r  Nessex h e l i c o p t e r  (4 bladed 

s i n g l e  r o t o r )  i n  f l i g h t .  These results w i l l  be used f o r  a s tudy  of 



t h e  d i f f p r e n c e s  between t h e  r o t o r  n o i s e  when t h e  b l a d e s  a r e  f i t t e d  

t o  a hc l icop . te r  and when t h e y  a r e  r u n  on a w h i r l  tower.  

resu l t s  will a l s o  be used a s  s. b a s i s  of a s t u d y  i n t o  t h e  changes 

of t h e  n o i s e  s p e c t r a  a s s o c i a t e d  with d i s t a n c e ,  a l t i t u d e ,  e t c .  

These 

5 THE ORE'i I CA L .4 PPROA CH 

On t h e  t h e o r e t i c a l  s i d e ,  a r e v i e w  o f  t h e  p r e s e n t  s t a t e  of t h e  

' p r o p e I l e r '  and ' r o k o r  n c i s e  t h e o r y '  i s  be ing  c a r r i e d  ou t .  T h i s  

s e e m  to i n d i c a t e  t h a t  a l though  t h e  dc t e r rn ina t ion  of t h e  broad 

band v o r t e x  n o l s c  i s  l i k e l y  t o  l e a d  t o  f a i r l y  good r e su l t s ,  

a c c u r a t e  e s t l m a t i o n  of t h e  d i s c r e t e  f r e q u e n c i e s  i s  going t o  be  

extremely dLEf icu l t .  

Si.korsl:y A i r c r a f t  h a s  r e c e n t l y  deve lo txd  a d e t a i l e d  programme 

f o r  c a l c u l a t i n g  t h e  l e v e l s  of t h e  d i s c r e t e  f r equency  n o i s e  under any  

conditjoon. They have ag reed  t o  supp ly  t h e  I . S , V . R .  w i th  a copy o f  

t h i s  p r o q a m c ,  ~ - t h  t h e  r e s u l t  t h a t  it will be used a s  a b a s i s  f o r  

OUT t h e o r e t i c a l  s t u d y  of  t h i s  t ype  of no i se .  

s u g g e s t  t h a t  t h e  harmonic f a l l - o f f  of t h e  n o i s e  o f  t h e  1 . S . V . R .  hover  

r i g  is  more cons i sLen t  i:!ith t h i s  t h e o r y  t h a n  t h e  f u l l  s c a l e  measure- 

n e n t s .  This  could I x  due t o  t h e  wind and t u r b u l e n c e  e f f e c t s  which 

a r e  encountered d u r i n g  e x t e r n a l  measurements. 

6 ,  BLADE S U P  

P r e l  i:;i ns r y  r e s u l t s  

There h a s  n o t  been any  d i r e c t  work i n  connec t ion  \ , i t h  t h i s  

t o p i c  du r ing  t h e  p e r i o d  covered by t h i s  r e p o r t .  

i n fo rma t ion  on t h e  p o s ; i b i l i t i e s  o f  b l ade /vo r t ex  h a s ,  however, been 

o b t a i n e d  frorn t h e  v o r t e x  f l o w  v i s u a l i s a t i o n  i n v e s t i g a t i o n  

(Reference 5) which was s u p e r v i s e d  by D r .  J o P .  Jones,  

Cons ide rab le  

The Eo1 lowing two programmes have heen f o r m u l a t e d  2s p a r t  of 

t h e  b l a d e  s l a p  i n v e s t i g a t i o n  and t h e s e  v . 4 1 1  be c a r r i e d  o u t  i n  t h e  

60 



n e z r  f u t u r e .  

(1) 

t h a t  t h e  combined v e l o c i t y  is g r e a t e r  t h a n  t h e  speed  of sound. 

will, of course,  be c a r r i e d  o u t  on a f u l l  s i z e  w h i r l  tower where t h e  

t i p  speeds  a r e  v e r y  much g r e a t e r  t han  t h o s e  o b t a i n a b l e  on t h e  I.S.V.R. 

hover r i g .  

A r o t o r  b l ade  will be  passed through an a i r  j e t  i n  such a nanner  

Th i s  

(2) 

Wessex ( s i n g l e  r o t o r  - 4 b l a d e s )  and Sycamore ( s i n g l e  r o t o r  - 3 b lades )  

h e l i c o p t e r s  i n  b l ade  s l a p  cond i t ions .  

w i t h  an azimuth maker and s imul taneous  r e c o r d i n g  of  t h e  n o i s e  and 

b l a d e  p o s i t i o n  w i l l  be made. 

d e t e r m i n a t i o n  of t h e  p o s i t i o n  of t h e  b l a d e s  when 'bang' o r  ' s l a p '  

occurs .  

\%s.tland A i r c r a f t  Ltd. (Yeovil  D iv i s ion )  are going  t o  f l y  t h e i r  

These machines w i l l  be  f i t t e d  

I t  i s  hoped t h a t  t h i s  w i l l  l e a d  t o  t h e  

7 . PRELIblIN'lRY XSULTS 

7.1. BROAD BAND (VORTEX) NOISE 

The broadband a n a l y s i s  of t h e  measurements is  now complete, but 

t h e  d a t a  has  n o t  been f u l l y  c o r r e l a t e d .  

Although t h i s  a n a l y s i s  is  incomplete,  t h e  fo l lowing  resul ts  have  

been determined. 

(1) 

s e t t i n g  above 2', t h e  S.P.L.is p r o p o r t i o n a l  t o  V6 

t h e  t i p  speed  a n d o ( t h e  p i t c h  s e t t i n g .  

For r o t o r  R.P.f.+i's. above 400 ( t i p  speeds  of 120 f t / s e c )  and p i t c h  

where V is 

This  i s  i n  agreement wi th  t h e  parameters  o b t a i n e d  from t h e  f u l l  

scale tes ts  ( r e f e r e n c e  4). 

(2) For lower r o t o r  R.P.iii's. t h e  n o i s e  varies from t h e s e  laws; f o r  

example, a t  ve ry  low speeds  t h e  S.P.L. appea r s  t o  be p r o p o r t i o n a l  t o  
4 v *  
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7.2. DISCRETE FREQUENCY (EiOTATIOIdAL) NOISE 

This  has  n o t  been ana lysed  i n  any g r e a t  d e t a i l ,  b u t  t h e  fo l lowing  

t r e n d s  a r e  c l e a r :  

(1) 

t h e  1.S.V.R. r i g  t h m  encountered on t h e  f u l l  s c a l e  o r  f l i g h t  t e s t s .  

P re l imina ry  i n d i c a t i o n s  a r e  tha- t  t h i s  t y p e  of harmonic f a l l - o f f  i s  

more c o n s i s t e n t  w i th  t h e  theo ry  t h a n  t h e  f u l l  s c a l e  measurementso 

T h i s  seems t o  sugges t  t h a t  l o c a l  t u r b u l e n c e  and wind (which i s  

encountered i n  e x t e r n a l  t e s t s )  may have a s i g n i f i c a n t  e f f e c t  on t h e  

The f a l l - a f f  i n  l e v e l  of s u c c e s s i v e  harmonics i s  more r a p i d  on 

d i  s c r c t e  f requency noise .  

( 2 )  

v a r i o u s . b l a d e  p a r a e t e r s  t e n d  t o  be i n  gene ra l  i n  agreement wi th  t h o s e  

ob ta ined  from t h e  full s c a l e  t e s t s ,  bu t  t h i s  d a t a  has  n o t  ye t  been 

f u l l y  c o r r e l a t e d .  

8. FUTURE !'IORE 

The v a r i a t i o n s  of t h e  S.P.L. of i n d i v i d u a l  harmonics with t h e  

The a n a l y s i s  o f  t h e  in fo rma t ion  ob ta ined  from t h e  p re l imina ry  

t e s t s  will be  completed b e f o r e  dec id ing  on a d e t a i l e d  programme f o r  

f u t u r e  ~.~orlc. 

n o i s e  before  t a c k l i n g  t h e  r o t a t i o n a l  n o i s e  problem. 

A t  p r e s e n t  it i s  p lanned  t o  s t u d y  v o r t e x  o r  broad band 

I 
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